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A b stra ct. In this paper we discuss a meta-model for the analysis and 
evaluation of collaborative modeling sessions. In the first p art of the 
m eta-model, we use an analysis framework which reveals a triad  of rules, 
interactions and models. This framework, which is central in driving the 
modeling process, helps us look inside the modeling process w ith the aim 
of understanding it better. The second p art of the m eta-m odel is based on 
an evaluation framework using a m ulti-criteria decision analysis (MCDA) 
m ethod. Central to  this framework, is how modelers’ quality priorities 
and preferences can, through a group decision-making and negotiation 
process, be traced back to  the interactions and rules in the analysis 
framework.
K ey  words: Collaborative Modeling, Modeling Process Quality, M od­
eling Process Analysis, Modeling Process Evaluation, Group Support 
Tools
1 In trodu ction
A number of studies have, over the years, looked at collaborative modeling [1,2,3]. 
There have also been attem pts to understand the modeling process [4,5]. Such 
modeling is driven by participants’ communication. Human communication [6], 
in collaborative modeling, involves argumentation, negotiation and decision mak­
ing. Often, participants need to agree, through negotiation and decision making, 
on what constitutes, for example, “quality” for the different modeling artifacts 
and how such quality should be assessed. However, how to assess the quality 
of the collaborative modeling process, especially with respect to the modeling 
artifacts, remains a largely unexplored area.
The current paper tries to develop a meta-model which can be used for both 
the analysis and evaluation of a collaborative modeling process and the relation 
between events in the process and the resulting artifacts. The meta-model links 
the modeling artifacts and the evaluation framework to the rules, interactions 
and models (RIM) framework [7] through the interactions which are governed 
by rules.
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2 M odeling  P rocess A nalysis: T he R IM  Fram ework
Stakeholders, in a collaborative modeling process, interact and communicate 
their ideas and opinions to other members through the communication process. 
Three key items concerning this communication are the rules, the interactions 
and the models. The rules, interactions and models (RIM) framework is based 
on these items and helps us look into the collaborative modeling process. This 
framework is depicted in Fig. 1. The interplay of rules, interactions and models 
is explained in Table 1.
Interactions (I)
Models (M)
Fig. 1. A framework for analyzing interactions, rules and models.
Table 1. RIM framework features
P a th In terp lay
IM-MI
RM -MR
RI-IR
The interactions lead to  the generation of models and generated (inter­
mediate) models drive further interaction.
Some rules/goals of modeling apply to  (intermediate) models and these 
models may lead to  the setting of new rules/goals.
Rules guide and restrict interactions and some interactions may change 
the rules of play.
2.1 In teraction  A nalysis: T he Structure
In order to analyze the interactive conversations and determine the structure 
of the speech-acts th a t result thereof, we need to apply a discourse analysis or 
conversation analysis technique. There are a number of methods which can be 
used, notably, speech-act theory [8]. However, as argued in [9], speech-acts are 
individual statem ents in the whole conversation and cannot be analyzed outside 
the whole conversation in which they occur. The language-action perspective
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[10] is, therefore, a candidate in analysing the whole conversation in which the 
speech-acts are just components. Fig. 2 shows the structure of the interactions. 
We use Object Role Modeling (ORM) method [11] to represent analysis and 
evaluation concepts in this paper. Table 2 shows the elements of the interaction 
component.
responds to
Fig. 2. Elements of an interaction
Table 2. Explanation for elements of an interaction
E lem en t E xp lan ation
InteractionN r
Time
Topic
Actor
Speech-act
M odelProposition
Rule
Unique num ber th a t refers to  an interaction.
Time at which an interaction is (de-)activated.
Subject under discussion in an interaction w ith a topic number. 
A participant in an interaction.
An illocutionary act from the interaction and has a category. 
Model form ation proposition (im plicitly/explicitly agreed to). 
Guideline(s) or convention(s) th a t direct the interactions.
2.2 R ule A nalysis: T he Structure
Rules govern the interactions and production of the models. They guide col­
laborative modelers during the modeling process and can be set for (before) or 
in (during) the modeling process. They link the product of the conversations - 
the model to the conversations and they are intended to guarantee both process
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quality and model quality. Rules are either explicitly stated or implicitly stated. 
The elements of a rule are given in Fig. 3 while Table 3 explains these elements.
is explicit is implicit
Fig. 3. Elements of a rule
Table 3. Explanation for elements of a rule
E lem en t E xp lan ation
Content
Time
Interaction
M odelProposition
Goal
Conversational content in which a rule is (de-)activated.
Time at which a rule is (de-)activated.
Conversations from which propositions are generated.
Model form ation proposition (im plicitly/explicitly agreed to). 
A rule th a t sets the sta te  to  strive for.
2.3 M odel Analysis: T he structure
Models (intermediate or final) are lists of propositions up to time t, i.e. conversa­
tional statem ents commonly agreed upon and shared by all the modelers. These 
model propositions are subject to selection criteria in order to determine which 
one makes it to the group (shared) model. In collaborative modeling a model 
proposition is either explicitly agreed with or implicitly not disagreed with. The 
structure of a model proposition component is shown in Fig. 4 while its elements 
are explained in Table 4 .
Collaborative Modeling: Towards a M eta-model for Analysis and Evaluation 5
Fig. 4. Elements of a model proposition
Table 4. Explanation for elements of a model proposition
E lem en t E xp lan ation
Rule
Time
SelectionCriteria
Interaction
Guidelines th a t direct the selection of a model-proposition. 
Time at which a m odel-proposition is (de-)activated.
A set of evaluation criteria used to select a model-proposition. 
Interaction from which a model-proposition is generated.
3 M odeling  P rocess E valuation: A n M C D A  Fram ework
In collaborative modeling a number of artifacts are used in, and produced during, 
the modeling process. These include the modeling language, the methods or ap­
proaches used to solve the problem, the intermediate and end-products produced 
and the medium or support tool tha t may be used to aid the collaboration, see 
for example [12]. The priorities of the individual decision makers need to be ag­
gregated, so as to reach agreement and consensus on what should be the group’s 
position as far as modeling process quality is concerned. Reaching agreement 
requires group decision making and negotiation. It is on this basis th a t we use a 
Multi-criteria Decision Analysis (MCDA) method to evaluate the modeling arti­
facts. We specifically use the single synthesizing (weighting) criterion preference 
approach - with Analytic Hierarchy Process (AHP) [13].
The structure of the evaluated modeling artifact component, within the 
MCDA evaluation framework, is shown in Fig. 5. The different concepts are 
explained in Table 5. One im portant observation about the modeling artifact 
and the evaluation framework is the link provided by the evaluated modeling 
artifact to the RIM framework through the interactions which are governed by 
rules. This is an im portant observation since it helps us to unify the two frame­
works.
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Fig. 5. Elements of a modeling artifact
Table 5. Explanation for elements of a modeling artifact
E lem en t E xp lan ation
Quality
QualityCriteria
QualityScore
PriorityValue
Interaction
Rule
MCDA
Degree of excellence or deficiency-free state.
A modeling artifact feature to  measure quality.
A value given to  a criterion as a measure of its quality. It may be 
an individual or group score.
Aggregated quality scores to  determ ine priority values.
Group negotiation/decision-m aking to  agree on quality scores.
A set of guidelines th a t direct the interactions.
A m ulti-criteria decision analysis approach used for the evaluation. 
It is of a certain  type
4 T he A nalysis and E valuation  M eta-m od el
In this section we combine the components to form a unified model for the 
integrated analysis and evaluation (of process and results) of collaborative mod­
eling. The components are linked together in a meta-model shown in Fig. 6. The 
novelty of the meta-model is tha t it combines the analysis and evaluation frame­
works, i.e., the RIM framework and the MCDA framework. This is easily visible 
in the meta-model where the triage of the rules (R), interactions (I) and models 
(M) in Fig. 1 is depicted through the rules, interactions and model proposition 
entities.
5 M eta-M od el in Use: Illu strative E xam ples
To demonstrate the theoretical importance and practical significance of the 
model we provide below some illustrative examples. The examples are drawn 
from recorded communication/conversations tha t took place during a modeling 
session.
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Fig. 6. An integrated meta-model for collaborative modeling analysis and eval­
uation
5.1 A pplication  o f th e  M eta-M odel: T he A nalysis
E xam ple 1. Interaction analysis in Fig. 2 is based on the following excerpt. 
Table 6 shows the elements of an interaction.
T im e A ctor Speech A ct
02:00 M l So, where does Ordering start?
02:03 M2 First we have to decide who takes part in it. So we can set
that on top of the diagram?
02:10 M l There are numbers, so tha t’s easy, so probably the purchasing
officer is involved?
02:18 M2 Eh . . . I  guess so.
02:21 M l So he needs ordering one second ... ”draws 2”.
E xam ple 2. Rule analysis for Fig. 3 is based on the following excerpt of 
modeling session conversations. Extracted elements of a rule from the coded 
m eta-data are given in Table 7.
T im e A ctor Speech A ct
01:25 M1 L et’s create 5 swim lane diagrams.
01:30 M2 Yes, isn't that what I  just proposed?
08:43 M1 Sequences are started with the ST A R T  symbol ...
08:45 M2 Yes ...
08:48 M2 Use blocks to indicate activities.
15:18 M1 So no decision diamonds in UML activity diagrams?
15:19 M2 No; well; maybe.
Some explanation is in order for some of the concepts shown in Tables 6 and 
7. The categories for coding the modeling conversations, i.e., the interaction 
names in both tables correspond to the dialogue types of Walton and Krable
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Table 6. Extracted elements of interaction from the coded m eta-data
Int. # Int. Name Top. # Top. Name Speech Act Type/Category Rsp. to Time Actor
1 INFORMATION
SEEKING
1 SET CONTENT QUESTION
[Where does ordering start?]
02:00 M1
2
DECISION
MAKING
2a
2b
SET CONTENT
SET GRAMMAR  
GOAL
PROPOSITION
[First we have to decide who takes part in 
Ordering]
QUESTION
[Can we set who takes part in Ordering on top 
of the diagram?]
02:03 M2
3
INQUIRY
3a
3b
SET GRAMMAR  
GOAL
SET CONTENT
PROPOSITION-QUESTION
[There are numbers, so that's easy, so 
probably the purchasing officer is involved?]
PROPOSITION
[Purchasing Officer is involved in Ordering]
2b
2a
02:10 M1
4 NEGOTIATION 4 SET CONTENT AGEEM ENT WITH
[Eh... I guess so]
3b 02:18 M2
5 DELIBERATION 5 SET CONTENT DRAWING
[So he needs ordering ... one second ... "draws 
2",i.e., number 2 (purchasing officer) on top 
of first swim lane
02:21 M1
K E Y : Int.: Interaction Top.: Topic Rsp.: Response.
Table 7. Extracted elements of a rule from the coded m eta-data
Rule Int. Name[A] Content[A] Time[A] Int. Name[D] Content[D] Time[D] M.P
VALIDATION
GOAL
DELIBERATION All participants should 
agree on the m odel. 
[Proposed and 
activated in the 
Assignm ent.]
A l l  t DELIBERATION D e-activated w hen all or 
the m ajority  have agreed 
on the m odel, i.e. 
reached consensus.
End t
CREATION
GOAL
PERSUASION L e t’s create 5 swim 
lane diagram s - [14] 
P R O P O S IT IO N
0 1 :2 5 PERSUASION Yes, isn ’t  that w hat I 
ju s t p roposed?-[15] 
A R G U M E N T  F O R  14
01:30 A.C
[14]
GRAMMAR
RULE
INFORMATION
SEEKING
Sequences are started 
w ith  the START 
sym bol . ..-  [148] 
C L A R IF IC A T IO N
0 8 :4 3 INFORMATION
SEEKING
Y es... [149]
A G R E E M E N T  W IT H  
148
08:45 A.C
[148]
GRAMMAR
GOAL
NEGOTIATION U se blocks to indicate 
activities - [151] 
P R O P O S IT IO N
0 8 :4 8 A.C
[151]
GRAMMAR
GOAL
INQUIRY So no decision 
diam onds in U M L 
activity
diagram s?[248]
Q U E S T IO N
1 5 :1 8 INQUIRY No; w ell; m aybe-[249] 
A N S W E R  248
15:19
K E Y : Int.: Interaction A .C .: Activation Content M .P.: Model Proposition 
[A/D]: Activated/De-activated
[14] whereas the topic names and rule categories, in Table 7, are explained in [7]. 
The validation goal is an example of an explicitly stated rule. This is activated at 
the start of the modeling session and remains so until de-activated at the end of 
the modeling session. The others are all implicitly stated and are (de-)activated 
during the interactions as shown by the (de-)activation content. It should be be 
noted tha t we use the terms “activation ” and “d e-activation ” in the sense 
that modeler M l starts the argument and modeler M2 concludes it in the sense 
of reaching a final agreement. For each we identify, respectively, the interaction, 
content and time in (by, at) which the argument was started  and concluded.
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E xam ple 3. Model proposition analysis in Fig. 4 is based on the following 
excerpt. Extracted elements of a model proposition from the coded m eta-data 
are given in Table 8.
T im e A ctor Speech A ct
14:41 M1 I f  there is no place, he can’t order or there is no availability.
14:45 M2 Yeah, true...
14:50 M2 You cannot do decision diamonds in UML activity diagrams.
14:57 M2 You can only have splits and joins of some sort, not the 
decisions as such.
16:46 M1 We can also say that i f  the form  isn’t filled in well then it is 
rejected but...
16:55 M2 Yeah ...
17:07 M1 No-route and terminal point from ”accept” in swim lane 7, 
with ”no order” ...
17:14 M2 OK..., Yes
Table 8. Extracted elements of a model proposition from the coded m eta-data
M odel P roposition Time Rule N am e Int. N am e Selection
Criterion
Act. D e-act.
I f  there is no place, he cannot order or there is 
no availability.
Yeah, true...
14:41
14:45
CREATION N EGOTIATION Explicitly agreed w ith
You cannot do decision diam onds in UML 
activity diagrams.
You can only have splits and jo in s o f some sort, 
not the decisions as such.
14:50
14:57
GRAM M AR PERSUASION Not explicitly disagreed 
with.
W e can also say that if  the form isn't filled in 
w ell then it is rejected but...
Yeah ...
16:46
16:55
CREATION N EGOTIATION Explicitly agreed with.
No-route and term inal point from "accept" in 
swim lane 7, w ith "no order" ...
OK..., Yes
17:07
17:14
GRAM M AR N EGOTIATION Explicitly agreed with.
K E Y : Act.: Activated De-act.: De-activated Int.: Interaction
5.2 A pplication  o f th e  M eta-M odel: T he E valuation
E xam ple 4. Evaluation analysis in Fig. 5 is based on an evaluation instrument 
part of which is shown in Fig. 7. This instrument is used, first by individual 
modelers, and then second by a team  of modelers, to evaluate the modeling 
artifact (modeling language, modeling procedure, modeling products-the models 
and the support tool). The instrument shows, for example, how a modeling 
procedure is evaluated (using its selected quality criteria). These are assigned 
scores using the fundamental scale [13], see also [12]. Upon reaching consensus 
through negotiation and decision making processes, modelers use these scores in
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the computation of priorities and the overall quality for the modeling artifacts 
as shown in Table. 9.
Numerical Assessment
Efficiency
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
n Effectivenessu
Compare the relative importance with respect to: Modeling Procedure
Efficiency Effectivene Satisfaction Commitmei
Efficiency ■Mfe 2.0 6.0 3.0
Effectiveness 5.0 6.0
Satisfaction 1.0
Commitment & Shared Understanding Incon: 0.07
Fig. 7. Evaluating a modeling artifact in collaborative modeling
Table 9. Elements of a modeling artifact
M odeling
A rtifact
Q uality P riority
v a lu e
Overall
Q uality
MCDA Int. N am e Rule
C riterion Score N am e Type
Modeling
Procedure
- Efficiency
- Effectiveness
- Satisfaction
- Commitment & 
Shared
Understanding
6 0.464
0.368
0.077
0.092 0.359
AHP W eighting
NEGOTIATION/ 
DECISION MAKING
VALIDATION
GOALS/
CREATION GOALS
Int.: Interaction
6 C onclusion  and Future R esearch
The contribution of the paper is twofold. First, it shows how the collaborative 
modeling process can be analyzed through the RIM framework and how it can 
be evaluated through the MCDA evaluation framework. Second, it develops a 
meta-model which unifies the analysis framework and the evaluation framework. 
To test the soundness of the meta-model, we provided illustrative examples from 
real modeling sessions. Though simple in description, these examples bring out 
well the concepts discussed for the meta-model. One key observation is tha t the
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types or names of the identified interactions are similar to those identified by 
Walton and Krabbe [14][15] in “Argumentation Theory”, with the exception of 
the “eristic” dialogue. For future research, we intend to apply the meta-model to 
modeling sessions, especially empirical tests with experts in industry to further 
test the theoretical significance and practical relevance and importance of the 
meta-model.
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